AD-A192  652 


wpage 


tt.  *OVT  ACCXAStOM  WO. 


HIMtJ 


Anthrax  -  Pasteur  to  the  Present 
r  authow 


°LQQ3CWOO£ 


WAD  tHSTRUCTtOMS 
ttRyoas  ceatPLarsHQ  posm 
4.  kaciprcH^i  ciTAeSa  hum^cr 


f,  Fil  F  copy 


_ fs ,  _ _ 

(.  wW  ftfe#ORT  *  RZWOO  COWSRgO 

Manuscript 


one.  ro»ont  kumssr 

*1"' tvfWVKAC’i'  ow'te^AaV'wUtnJttV^*; 


John  W.  Ezzell,  Jr. 


».  RiR»r©»M!W0  OMGMUIATSOW  M tii&  As*0  AOOn££J 

Bacteriology  Division  SGRD-UIB 

USAMRIID 

Fort  Detrick,  Frederick,  MD  21701-5011 

ii.  S^cUcmJ.  PROJ8CT,  TASK 

AftZA  A  vnm  UM*T  MUMg&Ki 

1 1.  cctTKOv-una  ofpicz  i»«aa  amo  Aoowesa 

14.  ASASRT  OATS 

ii.  vumskh  of  pAost 

U.  WtiitiTOaiMd  AilSxCY  MAMS  A  AO£8itS2fif  */i**ot4  tnsa  Ceucr«.,<i&d  4Kii«®> 

16.  SECURITY  CU  ASS.  (ci  £fU*  nyetU 

''fti“"B44u*isi^iJA«5I57DovM<5«A*«Me 

SCWfiSWU* 

h.  outwsutiom  ITaTSssny  <*<  ZS 


Approved  for  public  release;  distribution  unlimited. 


Vt.  MiTMEii  TW5J4  «TA7feit£MT  ft*/  mlavet  m  #£*«#  IS,  M  tVi&reM  turn 

Approved  for  public  release;  distribution  unlimited. 

i*.  •OMn.ttMSMTAftV  Moves 

To  be  published  in  Clinical  Microbiology  Newsletter 

M.  KXY  weftua  (iimtiatmm  «a  wwtw  aMS>  it  amJ  it Jsaifip  fy  ItMl 

Anthrax,  Bacilluc  anthracis,  vaccine,  Pasteur,  plasmid,  anthrax  toxin. 


m.  Akar«A£v  ccuK<®f 


rn  mtwsMay  mot  ktostsr  tf  M M*  mm%*9 


DO  i  jSTU  W3  wmen  er  t mov ssts Meeurr* 


UNCLASSIFIED _ 

MOMTT  alAASPtCATKlM  OP  TKW  TOSTSE 3m  lM*r«0 


DTi 


J 


li* 


Anthrax  -  Pasteur  to  the  Present 

John  W.  Ezzeli.  Jr..  Ph.  0. 
Bacteriology  Division 

United  States  Army  Medical  Research  Institute 
of  Infectious  Diseases 
Fort  Detrick 

Frederick,  haryland  21701-5011 


Few  aicrobial  pathogens  have  had  as  great  an  iapact  on  the  early 
developaent  of  aedical  bacteriology  and  iaaunology  as  Baci llus  anthraci s. 
Froa  studies  on  this  etiologic  agent  of  anthrax  during  the  aid-lBOOs  have 
stemaed  aany  of  the  fundasental  concepts  of  infection  and  iaaunity  no* 
generally  accepted. v  For  example,  Robert  Koch's  postulates  concerning  the 
etiology  of  disease  were  developed  through  his  studies  with  anthrax.  In 

j 

1881,  Louis  Pasteur  and  his  assistants,  Chaaberland  and  Roux,  perforaed 
their  anthrax  vaccine  trials  at  Pouil ly-le-Fort,  thereby  deaonstr ati ng  the 
first  successful  use  of  attenuated  bacterial  vaccines.  And,  it  was  by 
iaplanting  anthrax-infected  tissues  excised  froa  rodents  into  the  backs  of 
frogs  that  Elie  Hetchnikoff  aade  soae  of  the  earliest  observations 
concerning  phagocytosis  (17). 

V/ 

Although  anthrax  has  long  been  recognized  as  a  disease  priaarily  asso¬ 
ciated  with  herbivorous  aniaals,  it  can  occur  in  humans,  usually  as  a  result 
of  incidental  contact  with  infected  aniaals  or  contaainated  aniaal  pro¬ 
ducts.  'Descriptions  of  diseases  consistent  with  anthrax  were  reported  in 
early  Hebrew,  Greek,  and  Roaan  records,  and  the  disease  aay  have  been  the 
fifth  Biblical  plague  of  Egypt  (Exodus,  chpt.  9).  Froa  the  17th  through  the 
19th  centuries,  anthrax  in  Europe  caused  enoraous  losses  in  doaestic  live¬ 
stock  and  frequently  eanifested  itself  as  Hoolsorter's  disease  (pulaonary 
anthrax)  aaong  workers  who  handled  contaainated  wool  in  factories.  .  It  was 
in  response  to  the  aajor  epideaics  of  the  aid-1800*,  that  the  French 
Minister  of  Agriculture  coaaissioned  Pasteur  to  develop  aethods  to  control 
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anthrax  ($>.  In  order  to  fully  appreciate  the  rationale  o f  Pasteur’# 
approach  to  the  proilea  and  the  genetic  basis  of  his  vaccine,  it  is  neces¬ 
sary  to  present  a  general  overview  of  the  current  understanding  of  the 
anthrax  bacillus. 

On  culture  media,  such  as  blood  or  trypticase  soy  agar,  1L.  anthraci s 
grows  as  tong  chains  of  large,  rod-shaped  cells  ti-1.25  by  3-3  u«)  in  rough 
colonies  with  slightly  serrated  edges.  However,  growth  on  solid  media 
(i.e.,  nutrient  agar)  containing  0.5X  sodiua  bicarbonate  in  an  atmosphere  of 
3-10X  CO*  indures  capsule  production;  and  smooth,  convex,  mucoid  colonies 
with  entire  edges  are  formed.  Capsule  formation  is  also  induced  ijn_  vivo 
during  the  disease  process,  where  it  acts  as  a  virulence  factor  by 
physically  inhibiting  phagocytosis  of  the  vegetative  cells.  By  virtue  of 
its  composition  of  poly-D-glutamate,  the  highly  negative  charge  of  the 
capsule  also  impedes  phagocytosis  through  interference  of  complement  opsoni¬ 
zation  <20).  In  addition  to  the  capsule,  the  tripartite  protein  anthrax 
toxin  it  required  for  virulence,  and  like  the  capsule,  its  activities  are 
directed  toward  inhibition  of  the  host  immune  system.  The  term  'anthrax 
toxin*  is  actually  a  misnomer  in  that  there  arm  two  toxins.  The  edewa  toxin 
(ET)  is  composed  of  edema  factor  (EF,  B9  kilodaltons,  kDa)  and  a  transport 
protein  termed  protective  antigen  (PA,  85  kDa) (2,  16).  Lethal  toxin  (LT)  is[ 
composed  of  lethal  factor  (IF,  83  kOa)  and  PA  (1,  7).  There  is  increasing 
evidence  that  when  PA  is  bound  to  receptors  on  target  host  cells,  the  85-kDa 
protein  undergoes  proteolytic  activation  by  an  as  yet  unidentified  cell- 
surface  protease  (16).  This  activation  yields  a  20-kDa  fragment,  cleaved 
prior  to  the  transport  of  EF  or  IF  by  the  remaining  65  kDa  fragment.  Both 
in  vivo  and  ir  vitro  studies  suggest  that  EF  and  LF  either  compete  for  the  — — — 

same  PA  binding  site  or  mutually  inhibit  each  other's  transport  through  >  Codes 
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allosteric  hindrance  (5,16).  The  edeaa  toxin  is  an  unusual  bacterial 
extracytopl asaic  adenyiate  cyciase  which  requires  calcodulin  for  activity,  a 
property  usually  associated  only  with  uaaaalian  adenylate  cyclases  (15). 

When  intraderaal ly  injected  into  test  aniaals  (i.e.,  guinea  pigs),  ET 
produces  edeaaj  in  vitro  ET  has  been  shown  to  inhibit  neutrophil  function 
(20).  Lethal  toxin,  appears  to  inhibit  and  kill  host  aacrophages  (8).  The 
precise  biological  or  enzycatic  basis  far  the  toxicity  of  LT  is  not  known. 
Fischer  344  rats  that  have  been  injected  with  LT  expel  froth,  which  origi¬ 
nates  froa  the  lungs,  through  their  nares  and  aouth  iaaediately  preceding 
death.  The  froth  contains  high  concentrations  of  serua  protein*  but  no 
blood  cells,  thereby  supporting  the  preaise  that  LT  aay  alter  pulaonic 
aeabrane  integrity  (7). 

All  three  toxin  proteins  are  coded  for  by  a  1 10-aegadal ton  plasaid, 
pXOl  (foraerly  designated  pBAl)  (13),  whereas  the  capsule  is  encoded  by  a 
60-eegadalton  plaseid,  teraed  pX02  (10,  26).  Growth  in  the  presence  of 
novobiocin  results  in  a  preferential  loss  of  the  pX02  plaseid,  whereas 
growth  of  strains  at  elevated  teaperatures  (i.*.,  42-43"»C)  preferentially 
induces  the  loss  of  the  p X 0 1  toxin  plasaid.  Kith  the  loss  of  either  or  both 
plasaids,  there  is  a  concoaitant  loss  of  virulence.  It  is  froa  these 
findings  that  the  genetic  basis  of  Pasteur's  attenuated  anthrax  vaccine  has 
been  deduced.  In  his  initial  studies,  Pasteur  atteapted  to  attenuate  the 
virulence  of  anthrax  cultures  by  aging  thee,  as  he  had  done  with  chicken 
cholera  cultures,  but  instead  discovered  that  spores  foreed  when  cultures 
were  grown  at  37*C.  Pasteur  reasoned  that  because  spores  were  aetabolically 
doraant,  as  described  by  Koch,  they  would  not  becoee  attenuated  in  the  aging 
cultures.  Recollection  of  his  earlier  findings  that  spoliation,  but  not 
growth,  was  inhibited  at  42-43*C  suggested  a  solution  to  this  problee. 


4 


Pasteur  and  hi*  assistants  found  that  aging  cultures  at  elevated  tempera¬ 
tures  with  periodic  passage  to  fresh  media  to  aaintain  viability,  yielded 
cultures  attenuated  in  their  virulence  for  test  anieils.  Through  a  series 
of  vaccine  trials,  Pasteur  established  that  she^p  were  best  protected  when 
inoculated  first  with  a  highly  attenuated  culture,  followed  by  a  second 
inoculation  12  days  later  with  less  attenuated  cultures.  From  the  tine  of 
the  public  vaccine  demonstration  at  Pouilly-le-Fort  in  the  spring  of  18S1  to 
the  early  1900s,  these  Pasteur-type  anthrax  vaccines  were  extensively  used 
in  cattle  and  sheep  throughout  Europe  and  the  Americas,  with  dramatic 
decreases  in  animal  mortality  <6,  11).  With  numerous  explanations  offered 
over  the  past  century  to  explain  Pasteur's  attenuation  process,  the  current 
hypothesis  states  that  by  growing  cultures  at  elevated  temperatures  to 
prevent  sporulation,  Pasteur  induced  the  loss  of  the  pXQl  toxin  plasmid  with 
a  concomitant  loss  of  virulence  in  the  majority  of  bacilli  present  (6,19). 

As  he  increased  the  number  of  serial  passages,  the  resultant  cultures  became 
more  attenuated  as  the  percentage  of  avirulent  pX01",pX02*  cells  Increased. 
Since  pure  cultures  of  pX01*,pX02*  cells  are  not  protective  (13),  it  is 
proposed  that  Pasteur's  vaccine  contained  sublethal  numbers  of  virulent, 
toxigenic  bacilli  that  elicited  antibodies  to  the  PA  toxin  component,  which 
provided  protection.  Evidence  that  Pasteur's  vaccine  did  indeed  contain 
virulent  bacilli  was  provided  by  Pasteur  himself.  He  demonstrated  that 
cultures  which  were  sufficiently  attenuated  for  use  as  vaccines  in  cattle 
and  sheep  were  nevertheless  virulent  in  day-old  guinea  pigs.  Pasteur  then 
passaged  attenuated  cultures  through  day-old  guinea  pigs  and  found  that 
their  virulence  was  fully  restored,  thereby  suggesting  that  such  passage  was 
selective  for  the  virulent  bacilli  present.  Perhaps  Pasteur  and  his  assis- 
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tants,  Chaaberlend  and  Roux,  should  be  given  credit  as  the  first  bacterial 
geneticists  to  "cure*  a  bacterial  strain  of  a  ptasaid. 

Today,  anthrax  is  rare  in  the  li.S.  and  aost  developed  countries  due  to 
routine  vaccination  of  at-risk  .  .. sonnel  and  livestock  and  the  enactaent  of 
strict  public  health  laws.  Although  the  true  incidence  of  anthrax  woi  ldwide 
is  not  known  (aany  cutaneous  cases  go  unreported),  recent  estiaates  range 
between  20,000  and  100,000  cases  annually.  There  have  been  several  najor 
outbreaks  of  huaan  anthrax  in  the  past  decade.  Rare  than  6,000  cases 
occurred  in  Ziababwe  between  October  1979  and  (larch  1980  due  in  part  to  the 
breakdown  of  anthrax  control  eeasures  during  the  country's  internal  con¬ 
flicts.  In  April  1979,  nuaerous  deaths  froe  pulaonary  anthrax  were  reported 
shortly  after  en  explosion  at  a  research  facility  near  Sverdlovsk,  USSR. 

The  incident  is  still  shrouded  in  aysteryj  soae  reports  have  claieed  that 
■ore  than  1000  individuals  died  (21).  Ip.  Thailand,  33  individuals  developed 
oral-oropharyngeal  and/or  cutaneous  anthrax  after  consueption  of  inade¬ 
quately  cooked  seat  fro*  a  water  buffalo  that  had  died  of  anthrax  (22). 

Anw,  in  rural  Paraguay  (February  1987),  25  cases  of  cutaneuous  anthrax  (2 
fatalities)  occurred  aeong  Lengua  Indians  following  the  slaughter  and 
consueption  of  a  diseased  cow  (12).  Aside  froa  these  aajor  outbreaks,  seal! 
incidents  or  outbreaks  are  regularly  reported,  especially  in  areas  where 
huaan  contact  aith  diseased  aniaals  is  frequent,  such  as  in  southern  Europe, 
the  aiddle-  and  far-East,  and  Africa.  Anthrax  continues  to  threaten  sany 
endangered  wildlife  species,  including  the  rhinocerous  in  southern  Africa 
(25). 

In  huaans,  four  fores  of  anthrax  are  now  recognized:  cutaneous, 
pulaonary,  or al -oropharyngeal  (22),  and  gastrointestinal .  Only  cutaneous 
anthrax  will  ba  discussed  in  detail  here  because  it  is  the  fora  of  anthrax 
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most  likely  to  be  encountered  by  clinicians  in  developed  countries. 

Cutaneous  anthrax  (approximately  90  -  932  of  all  anthrax  cases)  results  (roe 
direct  contact  with  infected  anieals  or  contaminated  animal  products  or 
soil.  In  certain  regions  of  the  world,  transmission  by  insect  bites  has 
been  implicated  (24,  P.  Turnbull,  personal  communication).  Cutaneous 
lesions,  usually  on  exposed  areas  of  the  body,  eay  initially  resemble  insect 
bites.  The  lesion  then  progresses,  showing  rapid  and  extensive  swelling  due 
to  the  release  of  ET  into  the  surrounding  tissues.  Lesions  on  the  face, 
neck,  and  upper  thorax  may  require  intravenous  administration  of  hydrocor¬ 
tisone  (U0-200  ag/day)  to  reauce  respiratory  obstruction  resulting  from  the 
pressure  of  edematous  tissues  on  the  trachea  (14,  23).  In  some  cases, 
tracheostomy  may  be  warranted  (14).  The  center  of  the  lesion  eventually 
forms  a  black  scab  or  mschar  which  can  be  several  centimeters  in  diameter. 

Although  B.  anthracis  is  susceptible  to  virtually  all  routinely  used 
antibiotics  (14)  except  polymyxin  B  and  neomycin  (9),  ^-lactam  antibiotics 
(i.e.,  penicillin)  are  the  antibiotics  of  choice,  *fter  administration  of 
penicillin,  cutaneous  lesions  normally  become  sterile  within  24  hr.  In 
untreated  cases,  the  mortality  rate  can  be  as  high  as  202.  Surgical  inter¬ 
vention  or  tampering  with  the  lesions  is  contraindicated  and  may  result  in 
spread  of  the  infection,  permanent  scarring,  and/or  secondary  infections. 

The  edematous  lesions  are  usually  painless  and,  in  treated  cases,  normally 
resolve  in  several  weeks  if  kept  clean,  dry,  and  covered  with  a  sterile 
loose-gauze  dressing.  Treatment  of  cutaneous  anthrax  has  been  recently 
reviewed  (4,  14,  23). 

The  pulmonary  form  of  the  disease,  which  quickly  becomes  systemic,  is 
almost  always  fatal  due  in  part  to  the  rapid  progression  of  the  disease  and 
the  insidious  nature  of  the  infection  (there  are  no  overt  anthrax-specific 
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clinical  symptoms  until  shortly  befor*  death).  For  these  reasons,  diagnosis 
of  systeaic  anthrax  infection  is  usually  retrospecti ve  and  is  eade  at 
autopsy.  Pulmonary  infection  results  fro*  inhalation  of  spores  fro* 
contaminated  aaterials  (i.e.,  wool,  hides).  In  experimental  animals,  spores 
do  not  gerainate  within  the  lungs,  but  rather,  alveolar  macrophages  appear 
to  clear  the  spores  froe  the  lungs  and  carry  thee  through  lymphatic  channels 
to  the  sinusoids  of  regional  lyaph  nodes.  After  spore  germination,  the 
resultant  vegetative  cells  overgrow  and  escape  the  macrophage,  invade  the 
efferent  lymphatics,  and  eventually  enter  the  blood.  The  mononuclear 
phagocytic  system,  especially  the  spleen,  serves  as  the  principle  defense 
against  circulating  bacilli,  with  pronounced  splenomegaly  a  characteristic 
finding  at  necropsy.  This  line  of  defense  is  quickly  overcome  and  bacteria 
arm  leleased  into  the  blood,  colonize  secondary  sites  of  infection  and 
subsequently  cause  massive  bacteremia,  toxemia,  and  death. 

Gastrointestinal  and  or al -oropharyngeal  anthrax  occur  after  consumption 
of  inadequatmly-cooked,  infected  aeat  (22).  The  pathology  of  these  two 
forms  of  anthrax  is  difficult  to  generalize  in  that  ingested,  contaminated 
foodstuffs  may  contain  various  coabinations  of  spores,  vegetative  cells,  and 
toxins,  and  consequently,  variations  occur  in  their  clinical  presentation. 

At  with  cutaneous  lesions  around  the  face,  neck,  and  upper  thorax,  treatment 
of  oral-oropharyngeal  lesions  may  require  tracheost cay  and  administration  of 
hydrocortisonm  in  addition  to  antibiotic  therapy.  In  approximately  25  to 
33Z  of  untreated  cases,  gastrointestinal  infections  becoae  systeaic  with  a 
corresponding! y  high  mortality  rate.  These  figures  are,  however,  rather 
speculative,  since  the  true  incidence  of  this  form  of  anthrax  is  unknown. 


k 


jit 


8 


Bacillus  anthraeis  is  a  facultative,  spore-f oreing,  6rse-positi ve 
bacillus,  which  it  closely  related  to  B,  cereus.  B.  thurinciensis.  and  gj_ 
avcoides  with  respect  to  DNA  horology,  surface  antigens,  and  biocheaical 
reactions.  For  these  reasons,  the  tost  reliable  methodologies  for  identi¬ 
fying  anthraeis  are  based  nn  deeonstration  of  its  toxin  components} 
detection  of  its  unique  gal actose/M-acetyl gl itcosaai ne  polysaccharide,  with 
monoclonal  antibody  or  lectin  based  assay*}  and  use  of  specific,  lysogenic 
bacteriophage  (3,  23).  Although  less  specific,  microscopic  examination, 
capsule  staining,  and  culture  characterist.cs  are  also  used  in  presumptive 
identification.  In  endemic  areas  of  the  world,  the  clinical  presentation  of 
the  cutaneous  fore  of  anthrax  is  aleost  exclusively  used  for  diagnosis.  In 
collaborative,  retrospective  investigations  of  recent  anthrax  outbreaks,  I 
have  shown  that  patients  with  cutaneous,  or al -oropharyngeal ,  or  gastro¬ 
intestinal  anthrax  have  significant  antibody  titers  to  PA  and  IF  as  deter- 
eined  by  en: y«e-l i nked-i eeunospeci f ic  assays  (ELISA).  Unfortunately,  in 
cases  where  antibody  titers  are  low,  there  exists  a  “gray  zone*  between 
positive  and  negative  sera,  which  often  takes  the  ELISA  assay  difficult  to 
interpret.  However,  through  the  use  of  purified  PA  and  LF  and  electro- 
phoretic-ieeuno-transblots  (tlTB,  Hestern  blots),  this  'gray  zone'  has  been 
virtually  eliminated.  For  example,  in  the  Paraguay  outbreak,  sera  froe  11 
of  12  cases  were  positive  by  EITB  <921  sensitivity)  whereas  none  of  the  IB 
controls  were  positive  (100X  specificity)  (12).  For  further  descriptions  of 
B.  anthr ac i s  and  recent  developments  in  methodologies  to  differentiate  it 
froe  closely  related  species,  the  I  refer  you  to  the  literature  (3,  25). 
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